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K* concentration and specific lead-isotope ratios, of the
main-stage ore fluids may have spanned the time interval
during which authigenic feldspar formed and dissolved. In
the next section, we examine the hypothesis that the
source of this potassium (and by inference a significant
part of the lead in the same fluid) came from the Reelfoot
Rift, and, subsequently, we examine the shift from condi-
tions favoring precipitation as compared to dissolution of
potassium feldspar.

Contrasts Between Reelfoot Rift and Platform
Settings in Feldspar Diagenesis

The data from this study show a major change in
both the type and distribution of feldspar and the nature
of feldspar diagenesis in the Cambrian rocks in southeast-
emn Missouri. A significant difference was detected
between the Lamotte Sandstone and basal clastic equiva-
lents in the Reelfoot Rift, in contrast to the same units in
the carbonate platform northwest of the rift and in the
adjacent Ozark uplift. Feldspar in siliciclastic rocks in the
rift is predominantly microcline, plagioclase, or inter-
grown microcline and plagioclase that were derived from
plutonic rock fragments. In the platform area, sanidine is
the common feldspar and volcanic rock fragments take
precedence over plutonic rock fragments. Another differ-
ence is that the potassium feldspar overgrowths in the
Reelfoot Rift are not as well developed or abundant as
those in the Lamotte section northwest of the rift
(although the Strake well is an exception; see below).
Furthermore, and perhaps most importantly, extensive
replacement of potassium feldspar by albite may have
severely changed the original potassium feldspar content
of feldspathic arenite and graywacke in the Wilson and
Garrigan holes in the rift. No evidence of similar albitiza-
tion was detected in time (Cambrian) and litho-
logic-equivalent rocks in the platform area outside the
rift.

Figure F13 shows representative point-count data
for feldspar in drill hole samples (table F1) of shallowly
buried Lamotte Sandstone and deeply buried siliciclastic
rocks in the Reelfoot Rift, plotted against depth. We inter-
pret these differences in feldspar alteration between the
rift and platform areas to be a function of depth of burial
in sedimentary rocks within the rift. Dissolution of feld-
spar with or without albitization is a well-recognized pro-
cess that occurs during deep burial diagenesis in a range
of settings (Walker, 1984; Milliken, 1988; Saigal and oth-
ers, 1988). Potassium feldspar is particularly susceptible
to destruction by both dissolution and albite replacement,
resulting in marked decreases in the ratio of potassium
feldspar to total feldspar and increases in the percentage
of albitized feldspar with deep burial diagenesis (Walker,
1984; Saigal and others, 1988; Milliken and others, 1989)
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Figure F13. Plot of point-count data for albite and potassium
feldspar from shallowly buried Lamotte Sandstone and deeply
buried siliciclastic rocks versus depth.

(fig. F13). (The correlation coefficient (r) of the linear
regression line is 0.882917; the trend relating depth to
Ab/(Ab + Kspar) is statistically significant. However, the
data may also represent two distinct populations.)

The. contrast in the major detrital feldspar type
between sanidine in the platform area and microcline in
the rift may simply reflect a greater solubility of sanidine
in the deeply buried rift section rather than a different
provenance. Heald and Larese (1973) showed that in the
Mount Simon Sandstone (a Lamotte equivalent) in Ohio,
sanidine was partially dissolved whereas microcline was
stable. Thus, partial destruction of feldspar can lead to an
apparent change in provenance, whereas the actual differ-
ence may be due to diagenetic processes (Milliken, 1988).

The destruction of large amounts of feldspar, partic-
ularly potassium feldspar, in the deeply buried Reelfoot
Rift sedimentary rocks would have resulted in the addi-
tion of large amounts of K* to the pore fluids. We sus-
pect that it is this potassium that led to elevated K/Cl
values in main-stage mineralization of the Viburnum
Trend. Clearly, other deep sedimentary basins, particu-
larly the Arkoma basin south of the Ozark region, could
have contributed K* by similar processes of burial
diagenesis, but the lower K/Cl values of fluids from ores
closer to the Arkoma basin (Viets and Leach, 1990) argue
against such a source. The proximity of the Viburnum
Trend and the other lead ores surrounding the St. Francois
Mountains to the Reelfoot Rift thus suggests a fluid-flow
path linking the Reelfoot Rift to the lead belt area; this
fluid-flow path uniquely contributed extra K* as well as
other ore constituents to the lead belt area.

The inference that ore-forming fluids originated or
passed through the rift section is strengthened by the trace
amounts of lead and zinc minerals in the siliciclastic
rocks of the Garrigan and Wilson drill holes (Diehl and
others, 1992). Epigenetic galena occurs within pyrite in a
matrix of siderite cement in samples from 12,782 ft
(3,896 m) in the Wilson hole. In the Garrigan hole,
epigenetic “mineral fronts,” which are areas of sulfide
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alteration in siliciclastic rocks from 7,993 to 8,002 ft
(2,436.3 to 2,439 m), are enriched in lead and cobalt. Epi-
genetic pyrite having the same style of occurrence is
present in siliciclastic rocks at 11,998-12,040 ft
(3,657-3,670 m) in the same drill hole.

Formation and Dissolution of Potassium in the
Lamotte Sandstone Outside the Reelfoot Rift

The precipitation and dissolution of potassium feld-
spar are related to sample locality and depth (fig. F11;
table F1). Authigenic potassium feldspar overgrowths
from lower in the Lamotte Sandstone northwest and
southwest of the St. Francois Mountains are partially to
totally dissolved. However, higher in the Lamotte Sand-
stone and near the transition zone with the overlying Bon-
neterre Formation, potassium feldspar overgrowths are
less affected by dissolution. Two episodes of potassium
feldspar precipitation are commonly indicated because
early overgrowths are partly dissolved and are surrounded
by later, well-formed rhombic overgrowths. However,
only one generation of authigenic potassium feldspar is
evident southeast of the St. Francois Mountains toward
the Reelfoot Rift (fig. F9).
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Figure F14.  Potassium feldspar stability diagram at 150°C
(modified from Garrels and Christ, 1965, p. 359-370). Upper
shaded rectangle shows calculated pH range over which
potassium feldspar and muscovite would coexist. Lower
shaded rectangle shows pH range over which dissolution of
potassium feldspar would lead to formation of kaolinite. a,
activity.
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Table F2. Estimation of composition of ore-forming
fluid in the study area, southwestern Missouri and north-
eastern Arkansas.

Weight ratio Octahedral Cubic Calculated
galena! galena! ore fluid?
Na/Cl 0.463 0.490 0.504
K/Na 129 .040 .091
Ca/Mg 2.531 10.2 5.72
Ca/Na 229 .188 .206
!Values from Crocetti (1985).

2Molalities for ions in calculated ore-forming fluid: Cl~, 3.60; HCO5™, 0.50;
HS-, 0.01; CA™Y, 0.35; Mg*, 0.10; K, 0.15; Na*, 2.80.

The dissolution of potassium feldspar is of particu-
lar interest because if the results from ore samples can be
extrapolated to areas away from the mineralization, then
this dissolution event coincided in time with main-stage
ore deposition in the lead belts (figs. F1 and F8). Figure
F11 shows that feldspar dissolution is most intense in the
area south of the St. Francois Mountains between the
Reelfoot Rift and the lead belts and continues to the west
and northwest of the Ozark Mountains. The proximity of
this “dissolution corridor” to the Reclfoot Rift suggests
that the source of fluids capable of dissolving feldspar
was the rift area. This dissolution coupled with the anom-
alously high K/Cl values of main-stage ore fluids that
formed deposits adjacent to the rift indicate that both the
source of ore constituents and destruction of potassium
feldspar was influenced by Reelfoot Rift fluids.

Geochemical modeling provides insight into the
question of what caused the switch from feldspar precipi-
tation to later dissolution. The most likely causal factor is
a change in pH. The pH changes implied by the potas-
sium feldspar precipitation-dissolution events were calcu-
lated by first modeling an MVT “ore fluid,” and then
comparing the activity of K* in this fluid with the feld-
spar-stability diagram of Bowers and others (1984) (fig.
F14; table F2). The chemistry of the ore fluid was con-
strained by the fluid-inclusion data of Crocetti (1985),
who measured the chemistry of fluid-inclusion leachates
from Viburnum Trend galena. As shown in figure Fl4,
the fluid modeled here conforms to the weight ratios of
Crocetti (1985) and, in addition, was constrained to be at
equilibrium with dolomite and quartz. Ionic activities
were calculated using the computer code Solveq (Reed,
1982). The resulting value of ax, was then used to calcu-
late the pH shown along the right vertical axis of figure
F14. The upper shaded rectangle in figure F14 shows that
potassium feldspar dissolution requires a pH of about 5.0.
If kaolinite formed as potassium feldspar dissolved, as
indicated by the paragenetic diagram of ore formation in
the Lamotte Sandstone (fig. F8), then the pH would have
had to be at least 4.0 (lower shaded rectangle). This cal-
culated pH for feldspar dissolution (and therefore ore



formation) ‘corresponds with the value calculated by an
independent technique using fluid-inclusion gas composi-
tions by Leach and others (1991).

We do not have direct evidence for what caused the
pH of the fluid to change from a brine of relatively higher
pH that was capable of depositing potassium feldspar to a
brine of lower pH, which caused the dissolution trend of
figure F11. It is likely that this shift was related to an
increase in Pco, of the fluid, which caused the low pH val-
ues of the MVT ore-forming fluids (Leach and others,
1991). It thus appears that the fluid evolved from lower to
higher values of this parameter. We can speculate that
this pH change involved the thermal catabolic destruction
of organic matter deep in the sedimentary rocks of the
Reelfoot Rift. Early stages of sedimentation in the rift
included deposition of large amounts of sedimentary
organic matter. The release of CO, is known to accom-
pany deep burial and heating of organic matter (Capuano,
1990). We can further speculate that this increase in P,
was due to a process that was slower than the one that
released excess K+,

Additional Evidence for a Link Between the
Reelfoot Rift and Lead-Belt Mineralization

In addition to the zone of dissolution of potassium
feldspar that is adjacent to the Reelfoot Rift, other
researchers have presented evidence for fluid migration
from the rift towards the St. Francois Mountains. Erickson
and others (1988) and M.B. Goldhaber (unpub. data,
1990) documented a zone of lead enrichment in Cambrian
carbonate rocks adjacent to the Reelfoot Rift, which sug-
gests that ore-forming fluids originated in, or passed
through, the Reelfoot Rift. This area of anomalous lead
enrichment overlaps the zone of dissolution of the potas-
sium feldspar adjacent to the rift.

Farr (1986) reported an increase in the ratios
of strontium isotopes in epigenetic dolomite from
less radiogenic (87Sr/86Sr=.7090) to more radiogenic
(®7S1/868r=.7140) with increasing proximity to the
rift. Radiogenic strontium is largely derived from feld-
spar dissolution in much the same way as we pro-
posed above for K*, and thus Farrs work
complements ours.

The Anomalous Nature of the Strake
Well Samples

Samples from the Strake well have exceedingly high
concentrations of authigenic potassium feldspar (as much
as 10 percent of the whole rock), and this feldspar is visu-
ally different from feldspar overgrowths elsewhere in the
area. Furthermore, two generations of overgrowths are

present in these samples in contrast to those from the rest
of the southern part of the area in figure F11. The
anomalous abundance and appearance of the feldspar in
this well may be related to the uplift of the Pascola arch,
with which it is geographically associated. We attribute
the elevated potassium feldspar content in the Strake well
to fluids associated with alkaline igneous activity near the
Pascola arch. This explanation is based on data from the
USGS New Madrid test well (Crone, 1981), which is only
12 mi northeast of the Strake drill hole. Samples from the
test well contain exceedingly elevated levels of the
rare-earth elements Nb, Be, La, and Th (Erickson and
Goldhaber, unpub. data, 1990). This suite of elements is
diagnostic for carbonatite magmatism (Mariano, 1989).
The upper levels of carbonatite complexes are invariably
strongly potassium metasomatized (for example, potas-
sium fenitized, La Bas, 1984), and such a process proba-
bly has operated in the area of the Pascola arch. If this
igneous activity and associated alteration was associated
with the uplift of the Pascola arch, then it postdated the
time of MVT ore formation in the Ozark area (Kolata and
Nelson, 1990). Therefore, the anomalous potassium feld-
spar overgrowths in samples from the Strake well may be
unrelated to fluids that moved from the Reelfoot Rift.

SUMMARY

We list four principal conclusions:

1. The variety of types of feldspar and the amount
of dissolution in the potassium feldspar and its over-
growths in the Lamotte Sandstone vary regionally over
southeastern Missouri. Microcline and plutonic igneous
rock fragments that contain potassium feldspar were com-
mon in basal clastic rocks that were originally deposited in
the Reelfoot Rift. Towards the St. Francois Mountains and
to the west, volcanic rock fragments are more abundant
than plutonic rock fragments, and sanidine was a common
detrital feldspar in addition to microcline.

2. Although dissolution of feldspar occurred on a
regional basis, dissolution is locally controlled by the type
and abundance of feldspar and burial depth. Detrital
microcline and orthoclase are less affected by dissolution
than are sanidine grains. For example, at the Goose Creek
Mine, where sanidine was the predominant feldspar in the
Lamotte Sandstone, secondary porosity produced by feld-
spar dissolution is high. In the Reelfoot Rift, where the
sedimentary rocks have undergone a long period of deep
burial, albitization as well as dissolution have been impor-
tant diagenetic processes that altered feldspar and added
K* to pore fluids.

3. Multiple episodes of precipitation and dissolu-
tion of potassium feldspar cement have occurred in the
northern limits of the Lamotte Sandstone. These potassium
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feldspar cements are the result of the migration of potas-
sium-rich brines through the Lamotte Sandstone in late
Paleozoic time.

4, The potassium feldspar grains and their over-
growths dissolved by reaction with an acidic solution of
pH 4. This acidic solution may have originated in, or at
least passed through, the Reelfoot Rift. The diagenetic
changes in the sedimentary rocks in the rift probably pro-
vided a large source of K* for ore-forming solutions. The
Reelfoot Rift had a major influence both on diagenesis of
the Lamotte Sandstone and genesis of MVT ores.
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